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Thermoelectrics, a tug-of-war of properties !
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High figure of merit nanostructured thermoelectrics

Best materials — Group V + VI, e.g., Bi,Te;
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Surfactant dlrected nanostructure sculpting and assembly

Adv. Mater. (2006-08); Chem Mater. (2008-11),
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Surfactant-induced branching through twinning

Core-shell structures
°* Nanoscale features controlled
by beaker processing ~ Branch
—  Twining about (223) mirror
plane
Purkayastha, Li,..., Borca-Tasciuc, Ramanath, Adv. Mater. 20, 2679 (2008).




Sulfurized antimony selenide: nanowire - nanotube conversion
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Colossal electrical conductivity enhancement in Sb,Se,
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Single-crystal chalcogenide nanoplates and their assemblies

Google:
Ramanath +
microwave +
thermoelectric

Chermcaura

* Shaping, sizing, doping and nanostructure/electronic structure control
— High ZT; both n- and p-type
— Very low x and potential for a’c enhancement

Mehta, ..., Borca-Tasciuc, Ramanath, Nature Mater. 11, 233-240 (2012).




Pnictogen chalcogenide nanoplate building blocks

Mehta, ..., Borca-Tasciuc, Ramanath, Nature Mater. 11, 233-240 (2012).




ZT increase for n- and p-type nanobulk thermoelectrics
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« ZT=1.1n-Bi,Te;, ZT=0.75 p-Sb,Te; with no alloying!!

« ZT increases monotonically up to 0.95 p-Sb,Te; at 400 K

« Blind-samples verification at Marlow and Boston College

Mehta, ..., Borca-Tasciuc, Ramanath, Nature Mater. 11, 233-240 (2012).




Stoichiometry, composition
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50-75% k, diminution due to nanograins and nanopores
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Isotropic properties

]

of bulk-nano thermoelectrics
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Sulfur doping and oxidation resistance
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 Sulfuris in different chemical states |[..
« Surfactant capping inhibits oxidation ‘Q' '
No oxygen-free handling needed - e
* Months/years storage in ambient Binding energy (eV)
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Effects of sulfur doping on power factor
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* High o, majority carrier reversal, high ¢
— S doping, Fermi shift, DoS alteration near Fermi level
— Non-linear dependence on carrier concentration

Mehta, ..., Borca-Tasciuc, Ramanath, Nature Mater. 11, 233-240 (2012).




Scanning Thermoelectric u-Probe 30 I
+BI2TE:3 Film

251 : :
*—EleeS Film

oo L ™ Glass
~a-Ref Pellet ' (s

g
#

0 10 |
5L
% 05 1 15 2
\' Seebeck P (mW)
: O 5
Fllm T T T T T
- Ref Pellet (b)
41 ~-Bi,Te Film AR
Substrate __ | —~Bi_se, Fim o A
~ 3 " 2 3 _./ ’J' .
Eﬂ a" f‘-f
ﬁ 2 L ‘/’.ﬂd‘ -
. . 2 P
¢ Simultaneous k and a on films and nanobulk RE AT ]
A
® Non-contactk . a®
B ——F—¥F ¥ ¥ w oy
® Validated using alternative techniques 1 l 1

0 5 10 15 20 25 30
ﬂTPmbe (K}

Zhang,.., Ramanath, Borca-Tasciuc, Appl. Phys. Lett. 96, 062107 (2010). Rev Sci Instrum. (2011)

Rensselaer —
> AN




Nanobulk composite alloys: a tuning, x, decrease, ZT increase
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Al-doped ZnO nanocomposites for high ZT @ high T
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« Doping + nanostructuring = ZT7=0.45 ....50% increase over bulk at 1000 K
Jood, Mehta..., Dou, Borca-Tasciuc, Ramanath, Nano. Lett. 11, 4337 (2011). o
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Ultralow thermal conductivity due to nanostructuring
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Retention of high o and ¢
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